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1. 719 &

O A=A AT 7=

o AEoM= Axp7F wq sk T o] WA AEH AHKHQ FARFE TSt
Nnom, HA= o] A & A& FH = AFF7dH] (Breakdown maintenance)
Felz ABEHTrE Ax mgeo] @A) A AAFOoE AR ] (Preventive

maintenance) & A&t FJEE FAIHT 7]Eo] AT Q.

FEOlM WA E, % WAsks Ao ® dehe JE = u Ay

o e} =919 Alele] u}
g0
A7 e Aol = Qo]

H HAAQ A= 80~90%2] 71717F ool e
Jo) J
2]

o A HExtzF £y F7|8]E (Life cycle cost: LCC) oA FAHFH L ¢F 60~70%
i 4

2= dHA gloH, lp_T Hl-Gof A A8 7} ZFA| et H]Fd-S gy 2L AHAH]
5 g9t AEAAE 80~90%, T8V E Edels AEAHITYS 65~75%% T
- 2 ¥FE At 9}%

o H+ HEAHS AAHo] B, Hekst HHA nge] BAFEEHE oefst Ha
Row, HEApE] 7F AA "9 FES AFEAIRe] wel =3 5tE = A, AAeEAY
of met mtRE = A, AFESlel S e A, A 2 A BAIgle] A st
A FAEE A 02 Yw., 28y d8) Az gu)= A9 1] (Time based

maintenance: TBM) Oﬂ‘jP J}AOPUE 7y BE9 wiREA 55 wrg sk AlEA 7]agn)

1) AEAY fARS AF, BE 1 A5 457V, AFAZA
2) Improving reliability and life cycle cost of rotating equipment in railway, SKF

Insight Rail
3) fradel, dmAbs AR 7INbRA RS et A, AR = All6H A3
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2. 719 B9

o AA, AFAF, HHole So7 tEHE [oT (Internet of Things) 7|49 HAEHA
By S e 2Av|Ee A daudF, AV, 29d & AlEYOA V&, §
NA~E 714 AFE 74, 9dolE, QFAS, AFE vd 507 Us F s
o KERMENER R
o)
%é"ﬁ\/ WA S rrac g0
Sﬁ B HE Emﬂ"*ho
N m\g;g’f*\ A7|= 19
qﬁk \ fic % s,@
e\’lb‘f' }fg’ =E=EoRE R @%5‘; /e
A 2E7tE2 4
%&g@ sreisolH Molx/et gaiy %, \%&9
dojee e
g?‘ saxs S0l QIRt2 2| A3 By S,
& BHEEHH %
£ 3
%’; O|AFEH R A AE = el B AE 2 0|X - %&
a4
1 gloje #3 G agzraq Y& &
u%f’ QxS M7 "
& =2 053 oy THE Dq% %
5 loT 7] & S e B
HEGX|ES = »
| = =% SERX ALY mogx|AlT|Eaag | &
| 2 5| guqaw S %
\ % = o RNES S T _
\ o ) 2io ol g ° - of ol E 78k
V%3 UL Jz A2l
\| Wl AlgaolM
\'-. }ﬂ% \ HE0told Ao ol mop g
\\ ’%‘r_/{ ‘f-‘ =2=) EJE{.‘% = i Xl piojH 2]
= DETEAIAY gsing
L N\ < . uwe i #=2
G B N\ = g
T %y N se 27|et EMAAH ,/
ST RFID, UWE, Bluetootht & & &/ /
4850, NFC, Zigbee /@\
/{‘_“ -7--.____.._ e ‘Ob /..f..
[% 1.1] IoT 7|4t AESA RS 7)&4E 2 Ae7)4
= TN
7| &Eok axs)% AASE o o
TE =54
. L] Z~04 L4
2E#QIA0]A] (Strain gauge) | mps 5 7 TRLY 9 i 304
Al A
ZASIEIAIE 2~
(Sensor) | . o . - ZetE AT 5= mm
%-g9} (Ultrasonic) T M 5
-4 -




71 &8 ok E I B AA L2
2= Z2E
T =7
Z7|CHA| YIZdaAF ERX|
&3t (Acoustic emission) | et 5 e B
e 5050 s -Hojal =8k ZHx|
: : L= 30
TRL1 3 5 7 TRL9Y =
3/3 4 (Fiber-optic) I | | 3 L2

30 km/h O|3tEE TS

xAE BUE=
7}4 = (Accelerometer) w 9 - RFESA(EAN EX]

TRL 1 3 5 7 TRL 9 9 L2 304

ZAAA (Inclinometer)

[ —— — AFB AbAel el
HIEE, HHER +1C
- ghekA ZEX| 7|
<=4 (Temperature) — 2 2 . — 9 Tl e
P [ —— — st 24X
47t E x|
: . C0,, oIMEA 5
S} Al A TRL 1 3 5 7 TRL 9 X — o
@A Environmenta) | S m—— | ° | sS85
AAZEH[C]2 24
TRL1 3 5 7 TRLO - AEART] =4

Hlt] 2 4 (Video analysis)

!

- AR EPAEHR|(£0.5m)
L SAZHAI R

ATAZF HIC[2 24

: XIS R 0 5m)
?l o] % Lll’le laseI' TRL 1 3 5 7 TRL 9 7 [m=) .
el el ( )| CPP LA )
7 m £l SHALE(1B )
b _ o . - RAE= x}2fol Al
HAA 2= TRL 1 3 5 7 TRL 9 [=) [ ey
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¥ ZEX: Rail vehicle maintenance global market trends in after-sales service, SCI E11A(2012)
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% Z=X{: Rail vehicle maintenance global market trends in after-sales service, SCI E1A{(2012)

o

100 200 300 400 500

Metro
HST
EMU
D-Loco
FwW
DMU
PC
E-Loco
LRV

M Light maintenance O Heavy maintenance B Refurbishment/modernisation

(19 2.6] dE= HEFARF APEFE (9] ok f72)

o

1000 2000 3000 4000 5000

China e
Japan ]

India
South Korea

Others

= Rail freight trtansport O Passenger rail transport = Urban rail transport
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Western Europe: cis:
- MV: € 44.4bn Eastern Europe: - MV:€20.2bn
- CAGR: 3.2% - CAGR: 0.8%

- MV: € 11.4bn
~-CAGR: 0.8

%

North America: ™

- MV € 25.7bn 3 Asia:
= BASN: e A - MV: €51.6bn
- CAGR: 2.6%
South/Central B Africa/Middle East: o =
America: - MV:€7.4bn
- MV:€530n - CAGR: 7% .
- CAGR: -2.0% Australia/Pacific:
- MV: € 3.4bn
- CAGR: 2.6%
MV = average market volume 2014-2016

[19 2.8] AIAEEAG A7) 2 202097HA] A5 A3E

o AA AEE FEstAL e A9 5 deke S, v, #Aloh 5, Aoy A
AA AEAZE] 50%5 A8t
China
USA
Russia
Germany
France
C.) 5 1l0 1.5 2IO 2l5 SIO 3:5
B OEM market volume E After-Sales market volume

(719 2.9] AlA &9 591 AEAE FE=

6) SCI H.31A: Worldwide market for railway industries, 2016.9
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o AT FARGF 5 2 Bl EAH] A (After—Sales Services) ol thsh MAAIA F
B 20159 7=l 8909 FE o=, 2020W7HA] A B 3.2%% AT A
o AFEw, A Ao R 2HHALD

200
After-Sales
E’ 150 + 3.2% p.a. 9
= £
e
£ @
g 3
@ 100
5 &
2 OEM £
2 +1.3% p.a. o
T 50 (O]
=
0
2015 2020
B OEM [ After-Sales
*arithmetic mean 2014-2016, **CAGR 2015-2020
(19 2.10] AAl AEFARFAE(20153)

o JBHFEE Avind ALeyve] afeks AL FARFE AFTFEI 6
70%% A Yo, AEAF At FEAF B 44 wEshs A
AR F7kshs A9

- FEFEERE AR ESSAE AR A 50%E AR 7S =4
YERAIRE, 15 H 5 (HSR), BAEE, AFAE T AA5E 2AF FART A%
&ol AA F7kske FAY

Independent
suppliers .
(5-15%) Urban r?i;iansport
Manufacturers Rail freightntranspcrt
(20-30%) | 48%
Passenger rail
Operators *’ag;tﬁ""
(80 - 70%) =

1
-

(A=

e an
T—&r—r‘:&tg T

(20139

2.11] FARFAE 2

7) SCI H.1A: Worldwide market for railway industries, 2016.9
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World: After-Sales services
Vehicle segment Current market volume Average market Volatility of market
of After-Sales service p.a. development development
(in EUR million) 2013-2018 2013-2018
(in % p.a.) (in % total)
E-Loco 5 000 +2.4 0.0
D-Loco 11 750 +2.1 0.1
HST 4 300 +10.0 0.8
EMU 6 100 +3.8 0.2
DMU 1 400 +3.2 0.2
PC 3 800 +2.1 0.5
FW 9 400 +2.9 0.1
LRV 2 800 +3.6 0.3
Metro 4 200 +5.3 0.1
Total 49 000 +3.7 0.1

(19 2.13] 2AFEEoF F-ARFA 52 (20139)
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@77} Frjekn Q8. AA AEFoplN: AFAow Avsetd] A4F o] §HE %)
FS 7o R 3 AXNZF L . AAMe =8 3hE FAo] golsk A =2 A
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=l MA =9
AMOi (Thermocouple) Met(Voltage)
Mt/ MR
A2 (Silicon
2z ( ) (Voltage/Current)
(Temperature) X&E27| (Resistance temperature 5 (Res st )
sH(Resistance
detector)
Mo|AE (Thermistor) X &H(Resistance)
sl(Force) / A Ezfel AOo|X| (Starin Gauge) X &H(Resistance)
22 (Pressure) Tlol|Z= (Piezoelelctric) Met(Voltage)

7t = (Acceleration)

7t = Al (Accelerometer)

FHIf Al A

(Capaci tance)

u

F(Flow)

0
0)

Eai Ao|E{(Transmitter)

Met(Voltage)

Ed A5 M(Transducer)

U/ HR7

(Voltage/Current)

2 x| (Position)

Hel E& XM A (Linear Variable
Differential Transformers (LVDT))

nRMe

(AC Voltage)

Z=(Light Intensity) Z EC}0| 2= (Photodiode) M F(Current)

o 3t [oT, WAIHAE, ICT, Al 59 7I&o] 538 g wet 3A v&2Ql FA=
Aste] AA A ALHA EPdA HAN A7, A3 Ve T8 HE oA A
LHo072 ALH A
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o (F)o@Z@rto] AEE A7 FE 2S99 (Electro—Magnetic Acoustic Transducer,
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3 (Automatic Wheel Measuring System)E 7§35}
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» Transverse crack : )10 mm
o Shell defect : Y10 mm Z&

» Subsurface crack : )10 mm Z&
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B A AB = ArtE MM (smart sensor) & o] &3] AL A5ES A5 &
YE® 3= A|A®(Smart Sensor System for Monitoring Railcar Braking
Systems) & ML, ABYE SHsHE A4, 34 JRE 54 s FA uE

3 BE, A7pEd Fx2 A

Wireless
Transceiver

Internal Battery

Processor and
Analog Electronics

Sensing Element

= =
el EUE]" Al A (Car health monitoring systems)= 7708ty S, A=W
= 2L AFstE dH RUHHEZA = 2= GAF 8ES TAA7I A, AAF 7] A
g AN FARSFE ST S HANAE AL A FE HANE 9%
A A~ELS FfRbste] AlY Foll Sl

Wheel Profile Monitor

Brake Shoe Measurement

Automated Inspection of Safety Appliance System (ASAIS) (A¥kx}o] 9|3 ZAsh
aE)

Automated Inspection of Structural Components (AISC) system (T3, =}
% B TEE G

Inspection of Bogey components (bearing end cap bolts, missing springs,
broken springs, friction wedge missing or high, and broken journal bearing
adapters )

Fully Automated Train Scan System (FATSS) (x}=F AFH- =9, 359 ojm|x] &

o, 4 H45)
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A Pit Stop for Rail Vehicles

(29 2.73] =4 AWl A (Simens) dAY-FAHFAR A =
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© Bombardierel A= 20134 AbF 2F AAAI AR (AVIS) S 78kl o, 2%
AAAEN(VEMS) #3 oJAA A [AS/WE AA st o] &3
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360VIS Scan resolution and accuracy

r | Approximately 1-
S in-5 scans shown

¥

<Wheel Profile Monitiring> <Visual Image Capture System>
(2% 2.74] BulE0ole] 2% 21k HAARA|AE

o I3 ZIEIHYR xgor FIdH Hrxeg AL AE @&%ﬂ %3}
(2011~2014)" AFQelXM = A AFFA o AHEE 79 vwsts 9 #Er
xS, AEEE, AEZA xﬂ%x} upE, ﬂﬂiﬁ‘rOI npR JA s W
FuE sk vp glom, =

|
o I

Train Top monitoring

Number of Cameras
» Video Cameras : 4pc.
« Still image Cameras : 4pc.

+ IR Cameras : 4pc.
Light source 1 : White LED
Light source 2 : Red LED

» Thermal Camera monitoring
* Insulator damaged inspection

A A ()
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M= Atz 9a) EFzEE FAAFRE (Sensabot) S 7Ha}
o, o] B ¥4 UEAIE 7|Nte R sto] 360% Zhlek vl S EAlstal o] A
A 5L ol g3te] AlEAY) BH o7 3= A E P

"

Vigion Board and SIW

Camera | Lens |
INumination

A

k=

i3
=

Overall length 1280 mm Driving cameras 3 forward, 3 reverse
Overall width 750 mm Inspection camera hi-res pan/tilt/zoom
Weight 250 kg + 50 kg load Sensor cameras 4 on sensor boom
Maximum speed 5 km/hr Thermal sensor non-contact IR
Mobility walkways, rock, snow || Explosive gas sensors | most hydrocarbons

Communications

Wi-Fi, 3G

Toxic gas sensor

hydrogen sulfide

Boom reach

1.6 m, 2.5 m total ht.

Vibration sensor

10 kHz contact

Hazardous areas

zohe-1 [ECEX/ATEX

Audio

stereo microphones

Environmental

purged IP-67

Battery

2.3 kWh AGM

Operating temp.

-35C to 40C

Charging power

110-250V AC

Obstacle detection

scanning laser

Purge gas

8 bar instrument air

(28 2.79] A=
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o A t] TCMS(Train Control and Monitoring System) 7]%

— fH¢] Shift2Rail Z2AENAE 22 b} A FFS Fol7] S8kl aE

TAE ARl A ARAGS 7o R st Qe kAt TCMS 7ide 38 Foll A&
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TRAIMN [SAFETY] LINES

a) A TCMS
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b) XAt TCMS
[29 2.85] @A 2 2Ad] TCMS o7 €A

Shift2Railol 4] Alotst ZFAIt] TCMSS] w1 A2 23} 2peFgke]l B4l %733 27
9] EAlS Hybrid wireless A2 02 33l 2FeF)] A HAAHS] 7]5S
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oH|ol¥ R kAl A' (Multi—parameter condition monitoring system) 7§49
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Antenna GPS fon
top of the rain)

>

. [ ion] | Raw
Al _cocoooobo .-.-.-.E}.P-_e:.::.c:.!:_c_w c.:.t;:.m_u.-.E: I WModule | { pata
rs = . : 3z 3 ST Reniutc Son
4 Instaliation
REFER System
Data — (Train Data Base)
: F‘:‘n-ﬁ:ﬂ ° (Aigorithms) -
= Output - other
ol o Box located close to the bogie = Bt
Box located close to the bearing i Comracei st =
s760A25040 - - e “ ‘_'H- = Sensors
- e [ 2 (instalod i the track) DATA PACK
(KPIs and general
“’ information) oS
/“‘/ = :
RE-E-4LS-H0C-G1/4A-40 I E._
b ot maxee Wayside
L g - Local Station
TN OC ::il Data Server
- AF @& ©° 3§ NE o
a) A EUHY (5%, b) A EYUHE (5%, AEHD
g AGA|AE

Fracture and Cracking

Forced fracture

stressing. Twe common causes are:

- rough tr=atment limpact) when =

bearing is put into senvice

s put

Forced fiacture 15 caused by stress concenbiation in excess of the material tensile stength by local Impadt or by over |

besring is being mounted or dismounted. Hammer blows applied to @ hardened chisel
directly against the ring may cause the formation of fine cadks with the result that pieces of ihe ring bresk off when the
-ex

tspered sest or sieeve. 45  result, the tensile srasses (hoop stresses) arising in the rings produce crscs when the besring

ive drive-up on

Unfiltered acceierabo_n

Index
ref. [sk¥/2012]
4= =
a) HWlo|g &4 e
H 1
Measurements, | | Level 1 Level 1 Condition

KPls, Alarms 1 On-board Vizysde

i Good
22 3w ——

H T Level 2
: On-board Wayside
]
i
]
'
i .
1 " Warning time
i Level 3

Fused Data i Waysde&

v I ca:-,ya Worse
! Operational life
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9%k HolE whold ¢

19913 7l (Data Mining Framework)

— oA ARZWAAPEA (WDD, Wayside Defect Detectors) 2] H|o|E|E EA4 %<l
dolg mloly 7]l&& o] g3te] g9 s asAoR d53h
- SHAJA A=EW HARFAIF suE AEY #FY 5o &4 dAE]
WILD (Wheel Impact Load Detector) 9} 2&F9] X 23ldS 57438+= WPD(Wheel
Profile Detector) 2] Ho|EHE F Ao H7lsl7] 3t ndS /fEdste], AEE4S A
k3] A5k Al AED A
— Bidhaze | T DataAualysis |
E WILD Train stop alert & i
! repair date thresholds !
i WPD Controlled approach E

(13 2.90] A& I

o

=
=

= f%t dioly viold Ze9d 9=

%

True Failure
False Positive 33

0

31

False Negative 6

Confusion Matrix for Data Mining Model
Evaluation (P>=50%):

I TN

Failure
N
4

Failure

N 3
g

Non-Failure

I T

Percentage: - Failure

Non-Failure

Non-Failure

18
T

5
10

3
16

: Threshold with minimum
True Failure sum of errors

F\O—-o-._.‘\

Sum of Errors

False Positive

Failure 90‘7 .j False Negative :Nh_‘ _ _
Non-Failure 85% [) 0'2 0'4 o6 e 1
Probability of Failure
Probability of Type Il Error
Probability of Type | Error
(2% 2.91] AR 28 A Ald4d}
ol e} MAIAY V&S o] g3t AEAFY FART &3
— oA s AEWHe ks EAEAEA (Wayside  Mechanical  Condition
Detector) 7} AX| o] glom, ko] Fapxrje] wg AAH 7|EAE sk
o9 AU o, NEAT 2HW FA A HEZ RFAU, WRolol 8
2 Aol B &40 g
— IUelM = AdEWe AXE AAFX (HBD) & 2-szto] wWo] MAsta glow, o]y
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7-7: TAUE Z27641% FALSE 409007,

WILD FCA FEATURE 1

77: THUE 57.5000% FALSE 0.2685%,

WILD FCA FRATURE 1
§ & & &

g

o

el it e id 7
o S0 w0 1W W0 20 00 380
HED PeA FEATURE 1

(c)

(29 2.92] WILDS} HBD?] H|oEE o] &

TOP BOY. TUE 18 3624% FALEE 1 68107,

WILD FCA FEATURE 1

&

o 0 © WO W0 M 20 W IW
HBO PCA FEATURE 1

(b)

TP 50% TRUE 20.4 T14% FALSE 0 0865%

WILD FGA FEATURE 1

==
@ 4 m 0 1% w0 20 X0 3
HED FCA FEATURE 1

(d)

el AdEHE dad o shtel 54 dlole & o] 8ok ARt thekst 54 dolH
(%, 2EZQ], vjd, d3d, 7, 4 )4 FARST dHoly, 4oy 55 &
Ao R o]getd Ador By v AFstA A AEHE A5 S

olgfst ¥l HoJEE o] &t EASEEA W V|FEXE wE7] fsiA = HAHE 7]
% (Machine learning tech.), ¥4 (Correlation analysis), A|Ztt] #41 (Time

series analysis), ¢1¥}+#4] (Casual ana

lysis) &2 7]&o] Q3

Rim
Thickness
O oessionnas Wi L
Terminal- Hra ancy i I
Ei in : =
with bad truck e5 s ol
Tracking :
Error (count weight
of 80 ma
<=14.7 percentile >5 . Whee! <=(.78
Diam. (max) T TP
Shift (avg) <324 n:r;%r;w
>14.7 nter-axhe . &1
Misalignment - . <=003
Med. »0.55 Inter-axle
Misalignment
(min}
Fer the complete Declsion Tree
(including parts not shown here) >0

True Positiva = 97%
False Posltive = 0.23%

(29 2.93] 252

aes fd A4 =

- 91 -



PZS
|RGF7)&

T P
-
* o=
) —
Gyl k3
ﬂmmu
L
gl =y
me nm ﬂ Ak e =
'~ X o ol X % ;
o} _n,mo | ,_
[l - % ﬂ ﬂ
& {1 = it : -
XX il = A ! ﬂ
A_l MVA_H Lm : f (- ﬂm < T
e <N ol i & :
~o —_ 7U ‘%AI H o,._ 1r 7
= N o, ]_. =gt :
T = Njo % . = B ﬁ@v P mm
oF W™ 0 = o~ _LfoL Wr 25 :
- = M1_ro @ o R sy M
A,_L ;Jm,_ 1~_/| ‘AL N o =3 ] ™ ~ 0
ﬂ,ﬁo < %% @)ﬂ&?ﬁgw :
gl < o E {F oy ww e T -
1 ﬂ_ao : : ﬁﬁu %o ﬂ} ﬂﬂx WE
£ o_.,_ D_._ < o KR i ! oF o ol o
‘mu ,mwo ’ 0 ] ‘UI l = OW o= OE
o = sy T F oo WO ! o o T X . 1
g w PR 2 i o %w%o_w a:
; uAl : i T %0 N T ER o i
BB dp = E%1 o g o E 3
o B % @ dr 9 - wo o g ®X > £
i < o g w o A “ 27
qﬂ%z SN % oﬁaxﬁgﬁﬂ#&%& F
a7 < ; 1_r H
] il Eomfii ® g
A O Ho = o = ok %o it 4 :
. B oo Nk Nk ! 3 X o
o 6N e A =) i :
m1iew =% 3  ® @f.oga% >
5 ° 2 o 2 m T T o o L i
‘.mo .mﬂ _ ~ — ° g EO
il < 99%71 - il g
_aﬂ%% - ﬂA%]ﬂoV $
: o o Al () X A oy L3
Mﬁﬂ%luoo_n&xm k-
No—= X 5 . N 3V %o E
< 1Ar mo r < N Lw,m oF i :
S %%bﬁf__ Mguo ﬂ%
A~ ! ~ o ! Fooe o - ;
™ Y o = . al Gl oz :
: cm o W ] % o MM 5 ___MH
ok 3 mw ’ % <2 x
N — ,_ﬂ_o:,_ : : m
~ m A £l : g
. Eyi E:
BN 2
—_ o_l
X ﬁo

-9 -



Data Processed Active Dynamic
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IT Systems Management Capability
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Data Data Deriving and Delivering
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transmission and knowledge decision-
and storage visualisation support
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Assets

Mitrac/TMS/TCMS
and/or OTMR

Bombardier Orbita Control Centre

Data

Bombardier Orbita

Knowledge Control Centre (KCC)
= Data Filtering, Interrogation, I Information

Visualisation & Analysis & Advice
Faults & Events
Time Series
etc

Data =wessssssmpe- [nformation
=  Automated Alerts

Red, Amber, Green status SUEE"EI’S

Engines
Customer . HVAG & Partners
+ Maintenance ~ . Doors - Data & Manuals
+ Qperations ete + Parts Supply

Information . . :
& Advice = Engineering Review

+ Planning
etc
Operations Control Centre (OCC)

(2% 2.106] A% FA RS ZEA 2 (Orbita)

ROLLING
STOCKE

I IMPACTLOADING ROUNDNESS WEAR POINTS TEMPERATURE ENGINES

BEARINGS STORES FROCUREMENT TRACTION

WHEELSET MEASUREMENT

Disparate front ends, windows,
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Maintenance : FIN ANCE Management Tools, SAP, Maximo,
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NEW TECHNOLOGIES AND DIGITIZATION
are regarded as the main changes facing railway operators in the context of rolling stock

67% ‘ 60% ’ 42% 36% 27%

5. Changein contract
types and financing
schemes

1. New technologies 2. Rolling stock 3. Increased 4. Increasing

refurbishrment competition e 855 capacity

MAIN TRENDS IN MAINTENANCE
Condition-based and pradictive maintenance are the top trends
cited in the maintenance context

Condition-based maintenance

Predictive maintenance

Modular maintenance

Interval-based (km, time) maintenance
High degree of outsourcing of maintenance
Consignment stock /warehouse

results s/

In parcent

Source: Reland Berger Executive Ral Radar
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AL Auls 223 9 AL 2434 SEA 2 AnAE EEn o
71 FHEAAF B AvkAAE 29 B 6d T2 Agske PAERA 2 A4S B
3 AAbskE T8 2ol sidett 22 2 AdRAAL 2 A ek &
I FORF A 9 Ve dAske AN AYer we d¥Es Agsit

2 7EEds s AN A T dF FEE AT+ den I e oy
3 ek AAEZ) O wep g xpols 9dot AR ABAZF 40% e HARAITIO]

(£ 4.12] FAFE A5 AT L YA oS

JE AsSst = s %
S A 21 13 -8 -38%
LA 121 71 -50 -41%
et 158 97 -61 -39%
2 300 181 -119 -40%

A= 2 AP BN

TEH RS AR HES A3 oF 1,50001d o AGIDEY, 11 F A=
°F 37.8%, 78] 12.4%, F-FTA0E &3 AAkdd Av]7r oF 49.8%%EH KTX-I
o] 46HA 920 E & W7 oF 19 6HEY FAHFHE 2%, of7]q <l
Au] FES o asdor Aitehd Addn= HY of 6dUY o F HFE A
shd 5569 9oiH, olF 40%E AFstA 2229 o] HEAHW, 20%5 HEslivzts

°fF 11199/ d oz ALkd

%9l AEEA AE7)We SCI Verkehlel w=m AA FE=AZL 20149 715 209z 9
O AW 3.4% AF3 20184 230x9 R 2T Row dAPHH o F AmAFS
60%E AX st Ayojsl fA B 27 50%F A FTh

AxAg FARS 5 AFAu 2] B A FRE 4900 2 FFo|v, o] 7
2909 F2(59%), 4¥E 1559 F2(32%) FEZ YeEbdt FIEE Adund 3
peko] 48%, o1 A ko] 38%, LA M EA 0] 14%F AHA 3k,
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gweds AN BES ARAPUA AF LY R B AR 59
s AEAFAL FH EeA AL A mFoR Abgstg. @

AR e QF FAIAEY) BES 29.3% 4wl

(3£ 4.13] HEAFAY ] F7PHA&

20074 20084 20094 20104 =
FIDIAE 32.20% 31.95% 26.98% 25.91% 29.26%
Atm: ot=2d

EE R AR S BBl ¥k BB o= E JlejsAtstE 2] 9
sfol R&D 71o1&% Ak olde] 4k ARSIl iRt el A AP ad
6.2% % =0l .

i
tlo
o,
ofo
ol
2
o
ot
=y
rlo
\)

[Z 4.14] $8Ug} R&D A= A7 %

RN STEPI(2007) AIER A (2004) ot&=4(2005) =22 (2004) =
A2t 1971~2004 1981~2002 1991~2000 1981~2002 26,20
2%
HEIH = 30.6% 28.1% 22.7% 23.3%
SRR
. WA A

(1) 710 8Ard el whe He)
SO IEE

TFoA7F A AEQA AEAF 5 A 2 A WFES A9AE 2 3
Tholl A AlAISE e g8t AlEe] i g3t

ES7H S 1.099/%0 2 7Hgetal =4S (50%), F7HHAE(29.26%) ¥ R&D7]
& (26.20%) = WP A W) Fd 0.049 /90 ® FA A

&
(G
ot
o
fu
l-'O

[ 4.15] Azpd YF5o4d

HE 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 @HI
HekEh) | 2,000 | 2,000 | 1,934 5,934
vl () | 2,000 | 2,000 | 1,934 5,934
H(AH) | 76.66 | 76.66 | 74.13 227.45
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[3 4.18] A48 &4 23 (20161 dA7FA 24

SEENET) s EINETT) B/C NPV (2181)
iy 2 201.55 698.86 3.47 497.31
8ot B2 4000.4 4351.81 1.09 351.41

| 4,201.95 5,050.67 1.2 848.72

) Atelx 2olg 5.5%
[ 4.19] A0 F&9 A8 +4 23

o | ST | IS | UISEA | SUUA | AB3U | Hsl | Hosy
- HE | (@uE) | (@) | Eo Tl (o) | (=ol®)
2018 30 30 28.35 0 0
2019 53 53 47.33 0 0
2020 57 57 48.1 0 0
2021 55 55 43.86 0 0
2022 45 45 33.91 0 0
2023 0 0 76.66 97.51 17417 124.04
2024 0 0 76.66 97.51 17417 117.22
2025 0 0 74.13 97.51 171.64 109.16
2026 0 0 97.51 97.51 58.61
2027 0 0 97.51 97.51 55.38
2028 0 0 97.51 97.51 52.34
2029 0 0 97.51 97.51 49.46
2030 0 0 97.51 97.51 46.74
2031 0 0 97.51 97.51 4417
2032 0 0 97.51 97.51 41.74
Al 240 240 201.55 227.45 975.1 1,202.55 698.86
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[ 4.20] &3t F29 AA4d &4 A3

oie | xpzs oopp | UIEEA [ UIEEN [ S@AR TEeEDl [ HofEh
(Folx) | (@elm) | mawmol | (@on) | (o)

2023 2000 2000 1424.36

2024 2000 2000 1346.02

2025 1934 1934 1230.02
2026 587.88 587.88 353.33
2027 587.88 587.88 333.89
2028 537.88 587.88 315.53
2029 587.88 587.88 298.17
2030 537.88 587.88 281.77
2031 587.88 587.88 266.28
2032 537.88 587.88 251.63
2033 587.88 587.88 23779
2034 587.88 587.88 224.71
2035 587.88 587.88 212.35
2036 587.88 587.88 200.67
2037 537.88 587.88 189.64
2038 587.88 587.88 179.21
2039 587.88 587.88 169.35
2040 587.88 587.88 160.04
2041 587.88 587.88 151.23
2042 587.88 587.88 142.92
2043 587.88 587.88 135.06
2044 537.88 587.88 127.63
2045 587.88 587.88 120.61
5,934 5,934 4,000.4 11,757.6 11,757.6 4,351.81
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(Hdst dx) A% %—Wh ZEROS HERMd 7]
(HE)3t d5) o925 7 ZEROQ A $AH ] 7|+
— Agsta AAZA FE (ECONOMICAL)
(g Ax) A ZEROY AEEY &
(BAAJA AE) Adn], dEg€n], 98], ST 50% A7 7=
A3z A7t F 7 e MNAAE ] T8 FRAAZA W23 AFH AxT ks
oA FET, AHEsta AAAQ AR 2 FEska 9loH, 9=U]E oE 4
FAA EA T A ASE Ast 3 Az T F1AA BHNA HEo A
4 gHE fgk FEAQ Vst Ha3h
ZENE AFNY 7] A2H(2014-2023) M= vz FES Y3 100 FH
TRAES B - AAS o, ARwFAAES A W AAL S s VER
‘HEAE W Qxet AEHE Aso® AARE RUHY, g 9 {fARSF Ves
sto] QEARLL o) 7= o RSt FASQL.
A3AF AERMAERAE (2016~2020) M= vl o= “sprle] QbAlshal AlF sk
AEFA HERKd 47 ¥ HxEX di¥dEAkal ZEROSE, FEARL 30%74:(2020
A7) & AAskar 9lom oo Rekst kA,
- = xE wA, FEAY A3 s 2R 3 A Ala
— =5 AE N, AelFr] #e s 5 HE dxeke kA Y
— AR g, X7 ME T& S kA &3
BAA B AE
AAG AL AnEtdA A TS st dubE SR AF (A5 o] oAk
a3k

AFMNL7I e SA7|/ME= 20183 20229704 5dgte s Afsglon F
2

Axfol A& 7hssi, g3t Alvdgles dEAk B
A ?<1°—3 +471H(ZA Y, AEHMER, AEEAEETAD
2 ZF 7139 R 44 (5,934%) of diste] Zissite] e E = 2023

WHE 2025W71A] 349 F A S ke AoE TP
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EY47HAE 1.099/%F 0% 7MY stal 5AkeE (50%), 7R (29.26%) & R&D7] <
£(26.20%) S HEgst oA Hele 2 0.049/d o2 FFHAS.
CAAEAFY AR A FEE dA A7 40.69 F2 (5.3FY) FEE FALE
o, WeF 2 Vs 598 el HEAE fAESG Al At 29)e] ThsdiRval vt
Astrhd, = Al A2 (Hyundai Rotem) 9 & HEx A 45890
2.4%% Faste] e S aHE o Az oF 1,2729 do FEFUF o]FoA
Ao AWH. JFAE(GB0%), F7HHAE(29.26%) ¥ R&D71914(26.20%) = WHY
3t Aol AZF 97.519 e o5 Foz Ay,

H 10T - ICT 7&s 8% BEYEHYE 2 A7 v7fEz ste] A= Hdt
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of\
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A2z #7PEAES TEAE 2011-2020(2011.4) ol oJskd A A3t F 54 5
2o 19 07 1,398% E3oA] ‘36 1,5679 EM o Z718 Ao R oAtE Y
ol ol tl-g3ty] At A fFA RS 9 kA ER= A5 o)n g AH X Yo
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o, ¥, AT/ A, AAHZWUE T TheFst HofolA $89o] 7lsstnzE g5
A o] I Q3

- 208 -





